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(57) ABSTRACT 

The present invention provides a method for controlling 
motor torque in a hybrid electric vehicle, which can reduce 
current control mapping time and simplify control algorithm 
by providing a torque control compensation logic against a 
change in temperature of a motor (interior permanent magnet 
synchronous motor) of the hybrid electric vehicle. The 
present method includes: forming a single current control 
map based on an engine room temperature; determining a 
motor operation range that requires temperature compensa 
tion according to motor load conditions such as speed and 
torque; obtaining an optimization formula for torque com 
mand compensation; determining a torque command com 
pensation value using the optimization formula; generating a 
new torque command with the torque command compensa 
tion value and applying the new torque command to the single 
current control map; and applying to a motor a current for 
which a torque variation according to a temperature change is 
compensated. 

3 Claims, 7 Drawing Sheets 
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1. 

METHOD FOR CONTROLLING MOTOR 
TORQUE IN HYBRID ELECTRIC VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims under 35 U.S.C. S 119(a) the ben 
efit of Korean Patent Application No. 10-2007-0130042 filed 
Dec. 13, 2007, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND 

(a) Technical Field 
The present invention relates to a method for controlling 

motor torque in a hybrid electric vehicle, which can reduce 
mapping time and simplify control algorithm by providing a 
torque control compensation logic against a change in tem 
perature of a motor (interior permanent magnet synchronous 
motor) of the hybrid electric vehicle. 

(b) Background Art 
Characteristics of inductance and permanent magnet mag 

netic flux of a motor for a hybrid electric vehicle are changed 
by heat generated by ambient temperature (engine room) and 
operation conditions. 

Such changes affect control characteristics, such as maxi 
mum torque per ampere (MTPA) curve and field weakening 
control and may deteriorate torque control performance. 
Accordingly, in order to improve power performance and 
driveability of the hybrid electric vehicle, it is necessary to 
provide a measure to compensate for the change in torque 
according to the change in temperature of the motor. 
One of the prior art methods of compensating for the torque 

change is to estimate a rotor secondary resistance with respect 
to an induction motor and regenerating a current command by 
a vector control operation, as shown in FIG. 4. For example, 
Japanese Patent No. 3339208 discloses a method for prevent 
ing a torque ripple of a motor generated by a change in battery 
current and a change in motor temperature. According to the 
method, during the change in battery current, the variation of 
battery current is detected to compensate for a current com 
mand and the compensated current command is sent to a 
vector control operator. During the change in motor tempera 
ture, a rotor temperature is estimated from an air amount of a 
motor cooling fan and a temperature of a motor housing to 
obtain a rotor secondary resistance, and the rotor secondary 
resistance is sent to the vector control operator to generate a 
new current command using the same. 
The prior art method, however, has drawbacks in that the 

process of estimating the secondary resistance according to 
the rotor temperature is required to implement the method 
and, if an error occurs during the process, its control charac 
teristics become significantly degraded. 

Another prior art method is to form in number of current 
control maps according to the motor temperature and then 
interpolate current commands (i. i*i. i*i) at two 
reference temperatures close to an actual motor temperature 
when a torque command is applied so that new current com 
mands (i, and i) are generated by a current command 
generator based on the same, as shown in FIG. 5. According 
to this method, in which the current commands are interpo 
lated by forming n number of current control maps accord 
ing to the motor temperature, the process of forming in 
number of current control maps according to the temperature 
is required to implement the method. Moreover, in order to 
form one current control map, it is necessary to apply all of the 
current commands that a motor control unit (MCU) can com 
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2 
bines in all operation ranges to measure an actual torque and 
then obtain MTPA curve and field weakening control curve. 
Thus, a great deal of time and effort is required to form in 
number of current control maps by repeating the above pro 
cess n times, and the number of the current control maps that 
can be stored in the MCU is limited by memory capacity. 
The above information disclosed in this Background sec 

tion is only for enhancement of understanding of the back 
ground of the invention and therefore it may contain infor 
mation that does not form the prior art that is already known 
in this country to a person of ordinary skill in the art. 

SUMMARY OF THE DISCLOSURE 

The present invention has been made in an effort to solve 
the above-described problems associated with prior art. One 
of the objects of the present invention is to provide a method 
for controlling motor torque in a hybrid electric vehicle, 
which can compensate for a torque command using an opti 
mization formula by forming a singe current control map 
based on an engine room temperature and determining a 
motor operation range that requires temperature compensa 
tion. 

In one aspect, the present invention provides a method for 
controlling the torque of a hybrid electric vehicle motor, the 
method comprising: forming a single current control map 
based on an engine room temperature; determining a motor 
operation range that requires temperature compensation 
according to motor load conditions such as speed and torque; 
obtaining an optimization formula for torque command com 
pensation; determining a torque command compensation 
value using the optimization formula: generating a new 
torque command with the torque command compensation 
value and applying the same to the single current control map: 
and applying to the motor a current, for which a torque varia 
tion according to a temperature change is compensated. 

In a preferred embodiment, the optimized formula for the 
torque command compensation is obtained by a method 
including: determining independent variables, such as motor 
temperature, torque command, and speed, which have an 
effect on the change in motor torque; eliminating an indepen 
dent variable having low input characteristics by using Tagu 
chi's orthogonal array; and obtaining a functional relation 
ship between the other independent variables and a dependent 
variable (torque variation) by using response Surface meth 
odology. 

In another preferred embodiment, the torque command 
compensation value is determined by applying a torque com 
mand (T) input from a hybrid control unit and a temperature 
value (t C.) input from a motor temperature sensor to the 
optimization formula. 

According to the methods of the present invention, it is 
possible to significantly reduce the time required to form a 
current control map, simplify the control algorithm and easily 
compensate for a change in torque according to a change in 
temperature, thus improving torque control performance of 
the motor and reducing manufacturing costs. 

It is understood that the term "vehicle' or “vehicular” or 
other similar term as used herein is inclusive of motor 
vehicles in general Such as passenger automobiles including 
sports utility vehicles (SUV), buses, trucks, various commer 
cial vehicles, watercraft including a variety of boats and 
ships, aircraft, and the like. 
The above features and advantages of the present invention 

will be apparent from or are set forth in more detail in the 
accompanying drawings, which are incorporated in and form 
a part of this specification, and the following Detailed 
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Description, which together serve to explain by way of 
example the principles of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features of the present invention will 
now be described in detail with reference to certain exem 
plary embodiments thereof illustrated the accompanying 
drawings which are given hereinafter by way of illustration 
only, and thus are not limitative of the present invention, and 
wherein: 

FIG. 1 is a configuration diagram illustrating a method for 
controlling motor torque in a hybrid electric Vehicle in accor 
dance with a preferred embodiment of the present invention; 

FIG. 2 is a flowchart illustrating a process of obtaining an 
optimized formula and compensating for a torque command 
in the method for controlling motor torque in the hybrid 
electric vehicle in accordance with a preferred embodiment 
of the present invention; 

FIG. 3 is a diagram showing a change in torque according 
to a change in temperature and applied to determine a tem 
perature compensation range in the method for controlling 
motor torque in the hybrid electric vehicle in accordance with 
a preferred embodiment of the present invention; and 

FIGS. 4 and 5 are configuration diagrams illustrating con 
ventional methods of compensating for a change in torque 
according to a change in motor temperature. 

It should be understood that the appended drawings are not 
necessarily to Scale, presenting a somewhat simplified repre 
sentation of various preferred features illustrative of the basic 
principles of the invention. The specific design features of the 
present invention as disclosed herein, including, for example, 
specific dimensions, orientations, locations, and shapes will 
be determined in part by the particular intended application 
and use environment. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the drawings attached hereinafter, wherein like 
reference numerals refer to like elements throughout. The 
embodiments are described below so as to explain the present 
invention by referring to the figures. 
As discussed above, in one aspect, the present invention 

provides a method for controlling the torque of a hybrid 
electric Vehicle motor, the method comprising: forming a 
single current control map; determining a motor operation 
range that requires temperature compensation; obtaining an 
optimization formula for torque command compensation; 
determining a torque command compensation value; gener 
ating a new torque command with the torque command com 
pensation value; and applying a compensated current to the 
motor. 

More particularly, first, a single current control map is 
formed based on an engine room temperature, which is, but 
not limited to, about 100° C. Since the position where a hybrid 
motor is provided is the engine room, the temperature around 
the motor during vehicle operation is directed to the engine 
room temperature, and accordingly a single current control 
map is formed based on the engine room temperature. 

Next, a motor operation range that requires temperature 
compensation is determined according to motor load condi 
tions such as speed and torque. As shown in FIG. 3, in which 
the change in torque according to the change in temperature is 
shown with respect to the operation ranges, the change in 
motor torque has a linearity and the variation differs accord 
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4 
ing to the operation conditions, which means that it is possible 
to determine a temperature compensation range according to 
the motor torque control performance. In this case, as criteria 
for the determination of the motor operation range that 
requires temperature compensation, a motor torque control 
degree (error) of the MCU with respect to a torque command 
value of a hybrid control unit (HCU) is applied. 

Subsequently, an optimization formula for the motor 
torque command compensation is derived. The process of 
obtaining the optimization formula for the motor torque com 
mand compensation is as follows. Independent variables, 
Such as motor temperature, torque command, and speed, 
which have an effect on the change in motor torque, are 
determined. An independent variable or independent vari 
ables having low input characteristics is eliminated using 
Taguchi’s orthogonal array. The optimized formula is derived 
from a functional relationship between the remaining inde 
pendent variable or variables and a dependent variable (i.e. 
torque variation) using response Surface methodology. 

Thereafter, a torque command compensation value is 
determined using the optimized formula. In particular, the 
torque command compensation value is determined by apply 
ing a torque command (T) input from the HCU and a tem 
perature value (t C.) input from a motor temperature sensor 
to the optimization formula. In more detail, since the variation 
in motor torque is affected by motor temperature (X 1), torque 
command (X2), and speed (X3), it can be represented by 
Y-ax1+bX2+cX3. After eliminating one independent vari 
able that has less effect on the torque variation using Tagu 
chi's orthogonal array, the torque variation according to the 
remaining two independent variables is derived as a function 
(optimization formula) using response surface methodology, 
which can be represented by Y-ax1 +bX2. The above process 
of deriving the optimized formula can be performed by, e.g., 
data analysis using a Minitab tool. 

Accordingly, if a new torque command is generated with 
the torque command compensation value and applied to the 
single current control map, a current for which the torque 
variation is compensated accordance to the change in tem 
perature is applied to the motor. 
As described above, the present invention provides advan 

tages including the following: it is possible to significantly 
reduce a current control mapping time and simplify a control 
algorithm; it is possible to significantly improve motor torque 
control performance; since only one current control map is 
stored in the MCU, it is possible to reduce memory capacity 
of MCU; and it is possible to reduce manufacturing costs. 
The invention has been described in detail with reference to 

preferred embodiments thereof. However, it will be appreci 
ated by those skilled in the art that changes may be made in 
these embodiments without departing from the principles and 
spirit of the invention, the scope of which is defined in the 
appended claims and their equivalents. 
What is claimed is: 
1. A method for controlling the torque of a motor in a 

hybrid electric vehicle, the method comprising: 
forming a single current control map based on an engine 
room temperature; 

determining a motor operation range that requires tempera 
ture compensation according to motor load conditions 
Such as speed and torque; 

obtaining an optimization formula for torque command 
compensation; 

determining a torque command compensation value using 
the optimization formula: 

generating a new torque command with the torque com 
mand compensation value and applying the same to the 
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single current control map to create a current for which 
a torque variation according to a temperature change is 
compensated; and 

applying the compensated current to the motor. 
2. The method of claim 1, wherein the optimization for 

mula for the torque command compensation is obtained by a 
method in which independent variables, such as motor tem 
perature, torque command, and speed, which have an effect 
on the change in motor torque, are determined, at least one 
independent variable having low input characteristics is 

6 
eliminated using Taguchi’s orthogonal array, and a functional 
relationship between the remaining independent variable or 
variables and a dependent variable is obtained using response 
Surface methodology. 

3. The method of claim 1, wherein the torque command 
compensation value is determined by applying a torque com 
mand (T) input from a hybrid control unit and a temperature 
value (t C.) input from a motor temperature sensor to the 
optimization formula. 
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